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5.  Introduction.  The  central  purpose  of  this  project  is  to  ascertain  the  role  of  the 
Nkx3.1  homeodomain  transcription  factor  in  prostate  cancer  through  its  control  of 
prostate  cell  differentiation  and/or  proliferation  processes.  The  hypothesis  is  that  Nkx3.1 
is  critical  to  normal  prostate  cell  development  and  differentiation.  Therefore,  loss  of 
Nkx3.1  expression  leads  to  a  de-differentiation  of  prostate  epithelial  cells  and 
subsequently  to  development  of  prostate  carcinoma. 

6.  Body.  To  determine  the  downstream  target  genes  of  Nkx3.1  in  prostate  cancer 
cells,  we  have  developed  a  plan  to  create  gain-of-function  prostate  cancer  cells  using 
adenoviral  infection  and  gene  profiling.  To  help  develop  and  test  this  strategy  we  used  an 
adenoviral  delivery  system  to  overexpress  the  zinc  finger  transcription  factor,  Egrl,  in  the 
human  prostate  carcinoma  cell  line  LAPC4.  The  adenovirus  expressing  Egrl  construct 
included  an  EGFP  tag  that  allows  coexpression  of  EGFP  and  subsequent  visualization  of 
postive  infected  LAPC4  cells.  Using  fluorescent  microscopy  for  EGFP  visualization,  we 
have  optimized  the  conditions  of  adenoviral  delivery  to  show  >95%  positively  infected 
LAPC4  cells.  RNA  was  purified  from  cells  24  hours  after  infection,  reverse  transcribed 
and  gene  expression  was  determined  by  quantitative  RT/PCR  analysis  using  a  TaqMan. 
Through  use  of  the  TaqMan,  relative  levels  of  gene  expression  can  be  derived  by 
measuring  the  cycle  number  at  which  the  PCR  product  accumulation  reaches  a  defined 
threshold  (Ct).  Relative  expression  of  each  gene  was  normalized  against  GAPDH  and 
level  of  induction  was  determined  after  establishing  a  standard  curve  with  serial  dilutions 
of  the  cDNA  sample  containing  the  gene  of  interest.  Our  initial  TaqMan  survey  of  Egrl 
induced  genes  related  to  previously  reported  Egrl  target  genes  including  IGF-II,  TGF-J3, 
and  PDGF-A.  We  determined  that  IGF-II  was  induced  more  than  500-fold  in  Egrl 
infected  LAPC4  cells  compared  to  control  virus  infected  LAPC4  cells.  Furthermore,  we 
showed  a  50-fold  induction  of  TGF-p  and  12-fold  induction  of  PDGF-A.  As  a  further 
means  to  test  for  Egrl  target  genes  and  their  relative  levels  of  expression  in  adenovirally 
overexpressing  LAPC4  cells  we  employed  the  use  of  GeneChip  analysis.  The  GeneChip 
arrays  (Affymetrix)  contain  probe  sets  for  approximately  5600  human  genes.  Using 
RNA  from  LAPC4  cells  infected  by  control  adenovirus  versus  Egrl  overexpressing 
adenovirus,  we  showed  that  the  same  Egrl  target  genes  were  induced  in  LAPC4  cells. 
Therefore,  using  adenoviral  infection  of  LAPC4  cells  followed  by  TaqMan  screening  and 
GeneChip  analysis  provides  an  excellent  method  for  us  to  identify  the  downstream  targets 
of  any  transcription  factor.  Currently  we  have  generated  Nkx3.1  overexpressing 
adenovirus  and  this  virus  is  being  used  to  infect  prostate  cancer  cell  lines  including 
LAPC4  and  DU  145  cells. 

Nkx3.1  antisera  have  now  been  generated  from  rabbit  antisera  and  were  used  to  study 
immunohistochemical  expression  of  Nkx3.1  in  20  human  prostate  tumor  specimens.  We 
found  that  Nkx3.1  expression  was  absent  in  the  cancerous  cells  of  approximately  60%  of 
the  human  tumor  samples.  We  hypothesized  that  loss  of  Nkx3.1  expression  could  be  due 
to  a  mutation  or  changes  in  methylation.  Initially,  we  have  not  identified  mutations  in  the 
Nkx3.1  gene  in  five  of  the  specimens  analyzed.  Loss  of  Nkx3.1  by  changes  in 
methylation  is  currently  being  investigated  using  methylation-specific  PCR.  To 
optimally  perform  methylation-specific  PCR  we  have  successfully  employed  the  use  of 
laser-capture  microdissection  to  obtain  pure  prostate  cancer  cell  DNA  without 
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contamination  of  nearby  normal  prostate  cell  DNA.  We  have  isolated  and  purified 
significant  quantities  of  DNA  and  successfully  amplified  the  Nkx3.1  gene  from  human 
prostate  tumor  specimens. 

In  addition  to  using  the  Nkx3.1  antisera  on  human  prostate  samples,  we  have  used 
immunohistochemistry  to  examine  expression  of  Nkx3.1  in  the  mouse  prostate.  We 
found  that  prostate  expression  of  Nkx3.1was  localized  to  the  luminal  epithelial  cells  and 
was  not  detected  in  basal,  neuroendocrine  or  stromal  cells.  To  examine  the  androgen- 
dependent  expression  of  Nkx3.1  in  vivo,  we  examined  the  expression  of  Nkx3.1  after 
castration.  We  found  that  Nkx3.1  expression  was  progressively  lost  in  the  prostate  within 
6  days  following  castration.  We  next  attempted  to  regain  expression  of  Nkx3.1  by  re¬ 
administering  testosterone  to  castrated  mice  that  were  not  immunohistochemically 
expressing  Nkx3.1.  Testosterone  proprionate  implants  (and  BrdU)  were  given  to  mice 
for  3-4  days  following  7  days  of  castration.  We  found  that  Nkx3.1  expression  was 
restored  within  4  days  of  testosterone  replacement.  Interestingly,  proliferating  cells 
(identified  by  BrdU  immunhistochemistry)  did  not  express  Nkx3.1.  Instead,  Nkx3.1 
staining  was  only  detectable  in  non-proliferating  prostate  cells,  consistent  with  our 
hypothesis  that  Nkx3. 1  is  important  for  prostate  cell  differentiation. 

7.  Key  Research  Accomplishments. 

•  Developed  system  for  in  vitro  adenoviral  overexpression  of  Nkx3.1.  Will 
allow  us  to  identify  Nkx3.1  target  genes  and  to  investigate  role  of  Nkx3.1  in 
differentiation/proliferation  of  prostate  cancer  cells. 

•  Identified  through  immunohistochemical  study  of  20  tumor  specimens  that 
Nkx3.1  was  lost  in  approximately  60%  of  human  prostate  tumors. 

•  Isolated  DNA  and  amplified  Nkx3.1  by  PCR  after  using  laser-capture 
microdissection  of  cancerous  cells  of  human  prostate  specimens. 

•  Determined  that  Nkx3.1  was  expressed  in  the  non-proliferating  luminal 
epithelial  cells  of  the  prostate  and  not  in  surrounding  basal,  neuroendocrine  or 
stromal  cells. 

•  Nkx3.1  expression  in  the  mouse  prostate  was  lost  after  7  days  post  castration, 
but  Nkx3.1  expression  could  be  regained  after  re-administering  testosterone 
for  3-4  days. 

8.  Reportable  outcomes.  Rabbit  anti-Nkx3.1  antisera 

9.  Conclusions.  The  observation  that  Nkx3.1  was  lost  in  a  majority  of  human 
prostate  tumor  specimens  suggests  that  Nkx3.1  may  indeed  play  a  role  as  a  tumor 
suppressor  in  prostate  cancer.  Our  results  suggest  that  the  mechanism  for  loss  of  Nkx3.1 
expression  is  not  due  to  mutation  of  the  Nkx3.1  gene,  but  appears  to  be  a  result  of 
changes  in  methylation.  Using  the  adenoviruses  that  we  have  now  generated  we  will 
overexpress  Nkx3.1  in  human  tumor  cells  and  then  profile  the  genes  differentially 
expressed  through  GeneChip  and  TaqMan  experiments.  With  the  combined  information 
of  Nkx3.1  loss  and  downstream  target  genes  we  hope  to  provide  important  insight  to 
elucidating  the  molecular  genetic  changes  resulting  in  prostate  cancer.  Finally,  using  our 
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mouse  castration  and  immunohistochemical  studies  we  have  identified  the  in  vivo 
androgen-dependent  and  cell  specific  nature  of  Nkx3.1  gene  expression.  Indeed,  we  have 
shown  that  androgen  withdrawal  (castration)  can  extinguish  Nkx3.1  expression  and  that 
expression  is  limited  to  the  luminal  epithelial  cells  of  the  prostate.  Overall,  we  have 
provided  evidence  that  shows  the  importance  of  Nkx3.1  as  a  tumor  suppressor  and  will 
further  potentiate  our  understanding  of  its  role  in  prostate  cancer  by  identifying  Nkx3.1 
target  genes. 

10.  References,  none 

11.  Appendices:  none 
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